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disclosure as it appears in the Patent and Trademark Office ^ VLSIPS™ methodology. According to one 

patent file or records, but otherwise reserves all copyright 4 ^ ^ ^ ^j^g technique, the invention provides an 
rights whatsoever. ordered method for forming a plurality of polymer 

backoro^of™,*™™, „ 

The present invention relates to the field of polymer lurality of polymer sequences for addition of ctfher portions 
synthesis.Morcspecific^,theinvenuonptovidesareactar of ^ polymer sequences using a binary syndesis strategy, 
system a masking strategy, photoremovable protective ^proved data collection equipment and techniques are 
noups datac»Uectionandproixssmgtecrmiques,andappli- x ^ provided According to one embodiment, Ae instru- 
ctions for light directed synthesis of diverse polymer mentation provides a system for determining affinity Mtf a 
sequences on substrates. receptor to a Ugand comprising: means for applying ;hgfat to 

q a surface of a substrate, the substrate comprising a plurality 

SUMMARY OF THE INVENTION o{ at predetermined locations, the means for provid- 

reactor system for synthesis of ^verse^vmer^uenccs niqu« in 8 trate, fte substratc comprising a plurality 

on*^***™*^?***^™*^^ ofuKds in regions at known locations; at a plurality of 
invention provides for a reactor for contacung reaction Binds yj*5totffandotals within each of the regions, determin- 
^umuv^f^iO^i^^^ ram^^rCrcTced from the data collection 

to the reactor, a translation stage for moving ; a masi : or ing an ^™«to?dLm collection points deviating from a 
substrate from at least a ^^"^^EJ^ « gSSSS PSSwWl distributic^ and determining a 

jammed digital computer for selectively directing a collection points. 
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Protected amino add N-caiboxy anhydrides fox use in B. Binary Synthesis Strategy 

polymer synthesis are also disclosed. According to this 1. Example 

aspect, the invention provides a compound having the for- 2. Example 

mula: 3 - Example 

5 4. Example 

5. Example 

6. Example 
C. Linker Selection 

X o N " D. Protecting Groups 

^v*^ -s/ 10 1. Use of Fhotoremovable Groups During Solid-Phase 

g \ Synthesis of Peptides 

2. Use of Fhotoremovable Groups During Solid-Phase 

_ . . . . Synthesis of Oligonucleotides 

where R is a side chain of a natural or unnatural ammo acid ^ N -Carboxy Anhydrides Protected with a 

and X is a photoremovable protecting group. 15 p^"^ v ,hv n™™ 

A further Understanding of the nature and advantages of r^Tr^Zfn ? 

the inventions herein may be realized by reference to the 1V - Uata °f 

remaining portions of the specification and the attached A. Data Collection System 

drawings. B. Data Analysis 

20 V. Other Representative Applications 

BRIEF DESCRIPTION OF THE DRAWINGS ^ Oligonucleotide Synthesis 

FIG. 1 schematically illustrates H^it-directed spatially- l. Examplc 

addressable parallel chemical synthesis; V1 * delusion 

FIG. 2 schematically illustrates one example of light- l DEFINITIONS 

directed peptide synthesis; Ccftam tcnns used herem m intended to have the fol- 

FIG. 3 is a three-dimensional representation of a portion i ow jng general definitions: 

of the checkerboard array of YGGFL and[PGGFL; L Complementary: 

FIG. 4 schematically illustrates an automated system for Refers to the topological compatibility or matching 

synthesizing diverse polymer sequences; 30 together of interacting surfaces of a ligand molecule and its 

FIGS. Sa and Sb illustrate operation of a program for receptor. Thus, the receptor and its ligand can be described 

polymer sythesis; as complementary, and furthermore, the contact surface 

FIGS. 6a and 6b are a schematic illustration of a "pure" characteristics are complementary to each other, 

binary rnaskmg st^gy; _ * JgP£ ^ ^ fa 

FIGS.7«and7>area schematic illustration of agray code mc ^ ^ ^ subdass 0 f receptors known 

binary masking strategy; as antibodies. 

FIGS. 8a and 8^ arc a schematic illustration of a modified 3 Jjgand: 

gray code binary masking strategy; A iig an d 15 a molecule that is recognized by a particular 

FIG. 9a schematically illustrates a masking scheme for a 40 receptor. Examples of ligands that can be investigated by 

four step synthesis; this invention include, but arc not restricted to, agonists and 

FIG. 9b schematically illustrates synthesis of all 400 antagonists for cell membrane receptors, toxins and venoms, 

peptide dimers; viral epitopes, hormones, hormone receptors, peptides, 

FIG 10 is a coordinate map for the ten-step binary enzymes, enzyme substrates, cofactors, drugs (e.g. opiates, 

synthesis- 45 staiods » ctc ;)> lcctins » sugars, oligonucleotides, nucleic 

™ ' M „ ^ acids, oUcosaccharidcs, proteins, and monoclonal antibod- 

FIG. U schematically illustrates a data collection system; f 1 ™ 5 ' K ' ^ 

FIG. 12 is a block diagram illustrating the architecture of 4 M 0nomcr; 

the data collection system; a member of the set of small molecules which can be 

FIG. 13 is a flow chart illustrating operation of software 50 joined together to form a polymer. The set of monomers 

far the data collection/analysis system; and includes but is not restricted to, for example, the set of 

FIG. 14 illustrates a three-dimensional plot of intensity common L-amino acids, the set of D-arnino acids, the set of 

versus position for light directed synthesis of a dinucleotide. synthetic amino acids, the set of nucleotides and the set of 

pentoses and hexoses. As used herein, monomers refers to 

DESCRIPTION OF THE PREFERRED 55 an y member of a basis set for synthesis of a polymer. For 

EMBODIMENTS example, dimers of the 20 naturally occurring L-amino acids 

form a basis set of 400 monomers for synthesis of polypep- 

CONTENTS tidcs Different basis sets of monomers may be used at 

L Definitions successive steps in the synthesis of a polymer. Furthermore, 

n. General each of the sets may include protected members which are 

Deprotecdon and Addition modified after synthesis. 

1. Example 5. Peptide: 

2. Example A polymer in which the monomers are alpha amino acids 
B. Antibody recognition and which are joined together through amide bonds and 

1. Example 65 alternatively referred to as a polypeptide. In the context-of 

TTT Synthesis this specification it should be appreciated that the amino 

A Reactor System acids may be the L- optical isomer or the D-optical isomer. 
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Peptides are oftea two or more amino acid monomers long, e) Catalytic Poljj*ptides: 

and often more than 20 amino acid monomers long. Stan- Polymers, preferably P^W^' 

tod abbreviations for amino acids axe used (eg., P for **°^ adl1 ^ 

proline) These abbreviations are included In Stryer. version of one or more reactants to one or more 

fiS^^Ed., 1988, whidiismcorporatedhcrein 5 F oducts. Such polypeptides generally incude a 

5 rSc^for all purposes/ binding site specific for at ^™J^« 

6 Radiation: reaction intermediate and an active functionality 
Energy which may be selectively applied including proximate to the binding site, which functionality is 

energy having a wavelength of between 1(T 14 and 10* capable of chemically modifying the bound reactant 

meters including, for example, electron beam radiation, 1(J Catalytic polypeptides are described in, for example, 

gamma radiation, x-ray radiation, ultraviolet radiation, vis- U.S. Pat. No. 5,215,899, which is incorporated 

ible light, infrared radiation, microwave radiation, and radio herein by reference for all purposes, 

waves. "Irradiation" refers to the application of radiation to q Hormone receptors: 

a surface. Examples of hormones receptors include, e.g., the 
7. Receptor: 15 receptors for insulin and growth hormone. Determi- 
A molecule that has an affinity for a given ligand. Recep- nation of the ligands which bind with high affinity to 
tors may-be naturally-occurring or manmade molecules. a rC ceptor is useful in the development of, for 
Also, they can be employed in their unaltered state or as example, an oral replacement of the daily injections 
aggregates with other species. Receptors may be attached, wfl ich diabetics must take to relieve the symptoms of 
covalently or noncovalently, to a binding member, either M diabetes, and in the other case, a replacement for the 
directly or via a specific binding substance. Examples of scarce human growth hormone which can only be 
receptors which can be employed by this invention include, obtained from cadavers or by recombinant DNA 
but are not restricted to, antibodies, cell membrane technology. Other examples are the vasoconstrictive 
receptors, monoclonal antibodies and antisera reactive with hormone receptors; termination of those ligands 
specific antigenic determinants (such as on viruses, cells or ^ which bind to a receptor may lead to the develop- 
other materials), drugs, polynucleotides, nucleic adds, men t of drugs to control blood pressure, 
peptides, cefaclors, lectins, sugars, polysaccharides, cells, g ^ Qp iatc receptors: 

cellular membranes, and organelles. Receptors are some- Determination of ligands which bind to the opiate 

times referred to in the art as anti -ligands. As the term receptors in the brain is useful in the development of 

receptors is used herein, no difference in meaning is ^ less-addictive replacements for morphine and related 
intended. A "Ligand Receptor Pair" is formed when two 

macromolecules have combined through molecular recog- g Substrate: 

nition to form a complex. Other examples of receptors which A material having a rigid or semi-rigid surface. In many 

can be investigated by this invention include but are not C inbodiments, at least one surface of the substrate will be 

restricted to: 35 substantially flat, although in some ernbodiments it may be 

a) Microorqanism receptors: desirable to physically separate synthesis regions for differ- 
Deterrnination of ligands which bind to receptors, such cnt polymers with, for example, wells, raised regions, etched 

as specific transport proteins or enzymes essential to trenches, or die like. According to other embodiments, small 

survival of microorganisms, is useful in developing ^ ea{ i s may be provided on the surface which may be released 

a new class of antibiotics. Of particular value would ^ U po n completion of the synthesis, 

be antibiotics against opportunistic fungi, protozoa, 9 Protective Group: 

and those bacteria resistant to the antibiotics in ^ material which is chemically bound to a monomer unit 

current use. and which may be removed upon selective exposure to an 

b) Enzymes: activator such as electromagnetic radiation. Examples of 
For instance, one type of receptor is the binding site of 45 protective groups with utility herein include those compris- 

enzymes such as the enzymes responsible for cleav- ing nitropiperonyl, pyrenylmethoxy-carbonyl, nitroverarryl, 

ing neurotransmitters; determination of ligands nitrobenzyl, dimethyl dimethoxybenzyl, 5-bromo-7- 

which bind to certain receptors to modulate the nitroindolinyl, o-hydroxy-a-methyl cinnamoyl, and 

action of the enzymes which cleave the different 2-oxymethylcne anthraquinone. 

neurotransmitters is useful in the development of 50 10. Predefined Region: 

drugs which can be used in the treatment of disorders a predefined region is a localized area on a surface which 

of neurotransmission. is, was, or is intended to be activated for formation of a 

c) Antibodies- polymer. The predefined region may have any convenient 
For instance, the invention may be useful in investi- shape, eg., circular, rectangular, elliptical, wedge-shaped, 

gating the ligand-binding site on the antibody mol- 55 etc. For the sake of brevity herein, "predefined regions are 

ecule which combines with the epitope of an antigen sometimes referred to simply as "regions." 

of interest; determining a sequence that mimics an 11. Substantially Pure: ^ 

antigenic epitope may lead to thc-development of A polymer is considered to be "substantially ; pure within 

vaccines of which the immunogen is based on one or a predefined region of a substrate when it exhibits cnarao 

more of such sequences or lead to the development 60 teristics that distinguish it from other predefined regions, 

of related diagnostic agents or compounds useful in Typically, purity will be measured in terms of biological 

therapeutic treatments such as for auto-immune dis- activity or function as a result of uniform sequence. Such 

eases (e.g., by blocking the binding of the "self* characteristics will typically be measured by way of binding 

antft>odies). wi* a selected Ugand or receptor. 

d) Nuc id c Adds- 65 u - Activator refers to an energy source adapted to render a 
Sequences of nucleic acids may be synthesized to group active and which is directed from a source to a 

establish DNA or RNA binding sequences. predefined location on a substrate. A primary illustration of 
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bc^.dectricfid^.n.agncucfields.clertronbca^.x-ray, ^^tfixT) «» «P«* to the surface 

^Biosynthesis Strategy refers to an ordered strategy of the substrate and it reacts with regions u»! :were 

£ Si S of diverse polymer sequences by 5 addressed by light in the preceding step. ^.***** t u 

SuSa^onrfr^^nS^Sesentedby Aea ^^^^i rn.sk M^Mcs 

fSSmatrtx and aswitch matrix, the product of which another region for reaction with a second protected tedding 

kTr^ductnSix A reactant matrix is a fen matrix of the block .^The pattern of masks used in these illununations 

h^SnTblocks to be added. The elements of the switch ^ ^ se q U enee of reactants define the ultimate products 
matrix are binary numbers. In preferred embodiments, a w mi Aek locationSl resulting in diverse sequences at prc- 

binarv strategy is one in which at least two successive steps defmed locations , ^ shown with the sequences ACEG and 

illuminate half of a region of interest on the substrate. In BDFH ^ ^ lower 0 f FIG. 1. Preferred embodi- 

most preferred embodiments, binary synthesis refers to a ments of ^ invention take advantage of combinatorial 

synthesis strategy which also factors a previous addition m ^ Bg strateg i es to form a large number of compounds in 

step. For example, a strategy to which a switch matrix for a ^ number rf chemica i steps, 

masking strategy halves regions that were previously a high degree of nriniaturization is possible because the 

illuminated, illuminating about half of the P™ 1 ™^ iUu- ^ty of compounds is determined largely with regard to 

nin^t€^^S^^^ t f u ^^S^'^ SaddressabiUty of the activator, in one case the dif- 

S^h^dTA bL^Wtog- strategy is a binary contains amino groups that are blocked with > P^"** 
£X wMchuses light to icmow protective groups from * protccti ng group. Amino acid sequences are made accessible 

m^S for addition of other materials such as amino acids. LcoiipltogtoareceptcrbyremOTdofmerAotci^otective 

In creferred embodiments, selected columns of the switch groups. 

matrix are arranged in order of increasing binary numbers in when a polymer sequence to be synthesized is, ror 

me columns of the switch matrix. example, a polypeptide, amino groups at the ends oi : linkers 
14 Ti"V" refers to a molecule or group of molecules M attached to a glass substrate are denvatized with nitrovera- 

attached to a substrate and spacing a synthesized polymer ^oxycarbonyl (NVOC), a photoremovaWe protecting 

from the substrate for exposure/binding to a receptor. The linker molecules may be, for example, aryl 

D. General acetylene, ethylene glycol oligomers containing from 2-10 
The present invention provides synthetic stmtegies and 

tration primarily with regard to the preparation of peptides 10x10 um ana -M™" » ■ heck . 

Se both linclVand cyclic polymers of nucleic acids, geometric configurations may be utilized. 

porysaccnarides. ^^J^^JSS^ " fcSSmple of the invention, free amino groups were 

a-, p-, or avamino aads, heteropolymers to which a known won by treatment of the entire substrate 

reference to C- to N-terminal synthesis but the mvenUon sohmon ^^^Z ^.^ add ) in 

could readily be applied to N- to C-termmal synthesis gABA^r ^g 1 ^^ / was photolytically 

without departing from the scope of the mvenhon. « moVp* from aHg arc lamp 

A. Deprotecuon and Addition chromeon glass 100 urn checkerboard mask onto 

The present invention uses a masked so "<*^ 0 *£ SSwete 20 into at a power density of 12 mW/cm 2 . 

activator to direct the simultaneous synthesis ofnunyif- "V^Ts^eTas then treated with 1 mM FTTC in 

ferent chemical compounds. FIG. lis. flow chart fllusttat- ?^£ s ~ ^^J^urfcce was scanne d in an epi- 

tog the process of forming chemical compounds according 60 DMF. The ^trate sunaoe ™ » ^ 

embodiment Ration ""f-gj?^ * elertcdirSof waTtranslatedinto a color display with red in the highest 

remove photolabile protecting groups from selected areas of was iran ^ ^ ^ ^ lowc5t intensity areas. The prcs- 

the substrate. ' 
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cncc of a high-contrast fluorescent check«board = of ^J**^^^ 
100x100 um dements revealed that free amino groups were lir coun« 
gene^K specific regions by spatiaUylocalized photo- UL Synthesis 

deprotectton. 3 ^noTschScally illustrates a device used to synthe- 

SEETSr chart illustrating anoth* example of* e size Averse Pj^^^^ffSLK 
inventionXarboxy-activatedNVOCJeucinewasaUowedto ^trat^e area^ » a f siK 0I ^ For 

react with an aminated substrata The carboxy jmrt ^J?^^ «««■ OT 

HOBT ester of leucine and other amino acids used ur to «W ^ ^ shapes 

W^**f^*^^.^«£™%: 10 KSDupUcatelvnftesisareasrnayalsobeappUedto 
ainino protected amino acid with 37 rag HOBT f ™T~ ubstr £ e for p^ses of redundancy. 
(1-hydroxybcnzotriazole), 111 mg BOP (f™*^" * one ernl^ent.T predefined regions on the sub- 
oxy-tris (dimethylamino)-phosphoniumhexa- in one - f about i cm' and 

flulphosphate)^^ J-tegJ ^^Trodiments the regies h^e areas of 

SSS5T ^MTttSSSS ^rcd 'embo«ment, *e re.ons are between about 
and methylene chloride. Two unmasked cycles ^ S ome embodiments a single substrate supports more 
deprotection and coupling with ^W^^J*Y°£: 20 ^ 10 different monomer sequences and perfcrably 
glycine were carried out The surface was then illuminated than different monomer sequences, although 

SoughachronieoDglassSOulcteckaboardpattcxnmask. ^^^^Sn than about 10 3 , 10*. 10 s , 10 s , 
Caxboxy-acdvated Na-tBOC-O-tBuryl-l^osmewas Jen ^>°» accs „ ^vided on a substrate, 

added. The entire surface was uniformly flkumnated to ™>«^ u ^ a region of the substrate in which a 
photolyze the remaining NVOC V^^-*** M Z^ s^Tcc is synthesized, it is preferred that the 
Activated NVOC-M)rcline was added, tb group mono cq ^ subsUntl ally pure. In some 

was removed by illumination, and the t-BOC and t-butyl redons of the substrate contain polymer 

Ltecting groups were removed with TFA. After removal of ^SShUiSSlcut about 1%, 5%, 10%, 15%, 20%, 
Se prote^tiVgroups, the 30 S^TSmK 45%, 50%, 60%, 70%, 80%, 90%, 

checkerboard array of Tyr-Gly-Gly-Pheiw (yGGFL) 30 ^*'^ 1 ^ % , 98% 99%pure . The advice includes an 
(Seq.IDNo:l)andPr C -Gly-Gly-Phe-UuCPGGFLXSeq.ID "J^^^^Wmww^pcirtte 
No:2). synthesizer is a device which flows selected reagents 

B. Antibody Recognition . . throueh a flow cell 402 under the direction of a computer 

In one preferred embodiment the substrate is used to taough • 6mb odirnent the synthesizer is an ABI 

determine which of a plurality of amino acid sequences is » J^^ f ^ mo ^431A.Ttecomputamaybe 
recognized by an antibody of interest v. ^ & wide varicty of computers or discrete logic 

I. EXAMPLE . . . ;„ r i n A; n o fee example, an IBM PC-AT or similar computer 

moneexan^le,mearrayofpentap^tomtheexample "Jf^'**^ eternal control systems in the 
fllustrated in FIG. 2 was probed with » ^^f^J „ ^^effrhe PC is provided with signals from 
antibody directed against ^^^^^ 40 ^CrdTomputer indicative of, for example, the end of a 
3E7) is known to bind YGGFL and YGGFM (Seq. ID me ooaru jv 

No:21) with nanomolar affinity and is diranted in Meo et C °W"£ ! ^ fa mounted on the flow cell, forming a 
al., Proc. Natl Acad. Sa. USA (1983) 80:4084, which* Tubstrate and (he flow cell. Selected 

incorporated by reference herein for all purposes Ttas J™*™ 6 ^^ ^ caviry from the peptide synthe- 
antibody requires the amino terminal tyrosine fox bgh 45 ^^™£J> fonmng an array of peptides on the 
affinity binding. The array of peptides formed as described stfer at ««» ■ , above ^ 

in FIG. 2 was incubated with a 2 ^gM^use monoclonal face ta with the substrate is . 

antibody (3B7) known to recognize YGGFL. 3E7 does not s^bsfrate andpr y^ ^ ^ selec|ed regions to a 
bind PGGFL. A second incubation with Scd wavelength of light and is opaque in other regions 

anti-mouse antibody labeled the regions that bound 3E7/The 50 [f^J^^^ o{ Ught The mask is Nominated 
surface was scanned with ^.'^T^-^oZ w2 a St™e 410 such af » UV light sourcejn one 
The results showed alternating bnght and dark 50 um wim a "^V^. me ^ source 410 is a model no. 
squares indicating that YGGFL and P^ were ^ ^jfg^^Xk is held and translated by an 
sized in geometric array determined by the n^k-Atugh ™^ 4U mA as M x . y translation stage 
contrast (>12:1 intensity ratio) fluorescence checkerboard 55 x-y-z ^ ^ coordinates action of 

togc shows that (a) YGGFL and PCKJFL were synthesized ^yNf^^ x . y Ration stage, and light 
Taltemate 50 um squares, (b) YCK^attached to , fl» £ pepode V^tgJ^ ^ be nse d in some 
surface is accessible for binding to antibody 3E7, and (c) ^th Uslation of the substrate instead of the 

antibody 3E7 does not bind to PGGFL. 

A three^imensional ^««^ of ^ c . fl ^ re ^ 60 ^ operation, the substrate is mounted on the reactor 
mteiisitydatamap<)raonofthechecld)oaTdisshwninFIG. B_ ^ m its ^ protected by a suitable 

^Tms figure shows that the border between synthesis sites "^ r ^^' oXcUve group, is exposed to light at 
I sharp. The height of eachspike in this displayis hnearly ^posi&oZg L mask and ffluminatrng 

r*opordonaltometategratedflu<^ jJJ« l™ ^ of ^ (such ,s, for 

Ppixel. The transition between ^^ 1 a » d i ^9 G i 1 ?; 65 *^nS ls^ to 60 nun in th^asc of peptide synthesis), 
ccculs within two spikes (5 um). Tnere^e vana^on in sample 1 sec to^ ^ monomct/polymer is pumped 
the fluorescence intensity of different YGGFL squares. The A seiecieo pepua 
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sclcctcdrcacdontiinc(sudiasabout 1 sec to 300 mm in the P™^LS^ which a smaller number of compounds 
case of peptide reactions) of the monomer is washed from ^^^S^it binding affinity are further 
the system, the mask is appropriately repositioned or 5 Similar rcsults be obtained by only partially 

replaced, and the cycle is repeated. In most embodiments or hotyli2mg a rcgiont adding a first monomer, re-phocylizing 
the tovention, reasons niay be c^^^ ^ * mc It g orij exposing the region to a second 

temperature, monomer. 

FIGS. Sa and Sb are flow charts of the software used in fi Binary Syntn esis Strategy 
operation of the reactor system. At step 502 the peptide 10 ^ ft ^t^ected chemical synthesis, the products 
synthesis software is initialized. At step 504 the system f orme d depend on the pattern and order of masks, and on the 
calibrates positioners on the x-y translation stage and begins orto ^ rC actants. To make a set of products there will in 
a main loop. At step 506 the system determines which, if general be V possible masking schemes. In preferred 
any of the function keys on the computer have been pressed. embodiments of the invention herein a binary synthesis 
If Fl has been pressed, the system prompts the user for input is str ategy-is utilized The binary synthesis strategy is illus- 
of a desired synthesis process. If the user enters F2, the UaX cd herein primarily with regard to a masking strategy, 
system allows a user to edit a file for a synthesis process at although it will be applicable to other polymer synthesis 
step 510. If the user enters F3 the system loads a process strategies such as the pin strategy, and the like. 
rromadiskatstep512.IftheuserentersF4thesystemsaves a binary synthesis strategy, the substrate is irradiated 

an entered or edited process to disk at step 514. If the user 20 ^ a first mask, exposed to a first building block, irradiated 
selects F5 the current process is displayed at step 516 while with a seC ond mask, exposed to a second building block, etc. 
selection of F6 starts the main portion of the program, ie., Each combination of masked irradiation and exposure to a 
the actual synthesis according to the selected process. If the building block is referred to herein as a "cycle." 
user selects F7 the system displays the location of the In a preferred binary masking scheme, the masks for each 
synthesized peptides, while pressing F10 returns the user to 25 ^de allow irradiation of half of a region of interest on the 
the disk operating system- substrate and protection of the reinaining half of the region 

FIG. Sb illustrates the synthesis step 518 in greater detail. 0 f interest By 'lialT it is intended herein not to mean 
The main loop of the program is started in which the system exactly one-half the region of interest, but instead a large 
first moves the mask to a next position at step 526. During fraction of the region of interest such as from about 30 to 70 
the main loop of the program, necessary chemicals flow 30 pe rcen t 0 f the region of interest It will be understood that 
through the reaction cell under the direction of the on-board mc cn tire masking scheme need not take a binary form; 
computer in the peptide synthesizer. At step 528 the system inste ad non-binary cycles may be introduced as desired 
then waits for an exposure command and, upon receipt of the between binary cycles. 

exposure command exposes the substrate for a desired time ^ preferred embodiments of the binary masking scheme, 
at step 530. When an acknowledge of exposure complete is 35 a given cyde miuninates only about half of the region which 
received at step 532 the system determines if the process is was iUuminated in a previous cycle, while protecting the 
complete at step 534 and, if so, waits for additional keyboard remaining half of the illuminated portion from the previous 
input at step 536 and, thereafter, exits the perform synthesis Conversely, in such preferred einbodiments, a given 

process. cycle muminates half of the region which was protected in 

A computer program used for operation of the system 40 ^ prcv ious cycle and protects half the region which was 
described above is included as microfiche Appendix A protected in a prcvious cycle. 

(Copyright, 1990, Affymax Technologies N.V., all rights The synthesis strategy is most readily illustrated and 
reserved). The program is written in Turbo C++ (Borland handled in matrix notation. At each synthesis ate, the 
Int'l) and has been implemented in an IBM compatible <j c tenmnadonofwhemertoaa^agivenmonoTnerisabinary 
system. The motor control software is adapted from software 45 process. Therefore, each product element P, is given by the 
produced by Newport Corporation. It will be recognized that dot product of two vectors, a chemical reactant vector, e.g., 
a large variety of programming languages could be utilized 0[A3,C,D], and a binary vector c> Inspection of the 
without departing from the scope of the invention herein. products in the example below for a four-step synthesis, 
Certain calls are made to a graphics program in "Program- snows that in one four-step synthesis 0y=[l,O,l,O], ay-ll A 
mer Guide to PC and PS2 Video Systems" (Wilton, 50 0>1]t O j=[0,U,0], and 04=10,1,0,1], where a 1 indicates 
Microsoft Press, 1987), which is incorporated herein by iUumination and a 0 indicates protection. Therefore, Jt 
reference for all purposes. becomes possible to build a "switch matrix" S from the 

Alignment of the mask is achieved by one of two methods column vectors 0,0=1* whcrc k is ^ numbcr P* od"** 1 )- 
in preferred embodiments. In a first embodiment the system 

relies upon relative alignment of the various components, 55 CTl ci cj a 4 

which is normally acceptable since x-y-z translation stages 1100 
arc capable of sufficient accuracy for the purposes herein. In 5=0 0 x { 

alternative embodiments, alignment marks on the substrate 1010 
are coupled to a CCD device for appropriate alignment 0101 

According to some embodiments, pure reagents arc not 60 
added at each step, or complete photolysis of the protective .«..-• 1,0-1-0 *u+ 

™ms is not *U T step. According to these The outcome P of a synthesis is simply *=CS, ^od^ 
Siments, multiple products will be formed in each of the chemical reactant matrix and the switch mamx. 
SSeXsk For eLmJle, if the monomers A and B are Ttt switch matrix for an *'*<*\^™£^2 
S pring a synthesil step, A and B will bind to depro- 65 products has n rows and k columns. An m^rtant att^bute 
Sr3s*rJughly in proton to their concentration of S is that each row specifies a mask. A two-ctaen lonal 
KoluuS wfll be formed mask m, f or the jth chemical step of a synthesis is obtained 
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or other arrangement may $ selected desirc d products are tobc-made ? the mask sequence 

can be derived by extracting the columns with the desired 
sequences- For example, to form the product set ABCD, 
ABD, ACD, AD, BCD, BD, CD, and D, the masks are 



Jll SJ2 J J3 *H 
Hi S22 «33 *24 ^1 *fl 



S *3i *n *33 n* mj *p *i* formed by use of a switch matrix with only the 1st, 3rd, 5th, 

*i *4i '44 io 7th, 9th, 11th, 13th, and 15th columns arranged into the 



switch matrix: 

1 1 1 0 0 0 0 



Of course, compounds formed in a light-activated syn- 
thesis can be positioned in any defined geometric array. A 
square or rectangular matrix is convenient but not required. liooiioo 
The rows of the switch matrix may be transformed into any 13 5 ~i o 1 0 1 0 1 0 
convenient array as long as equivalent transformations are 11111111 
used for each row. , 

For example .the masks in the four-step synthesis below ^^^^^^^^j^^ 

are then denoted by. [ABCD ABCDABCDABCD]is used. The switch matrix will 

0 0 l 0 o j 20 befonned^mamatrixofmebmarynumbers 

mi- mi= = 0 *4= arranged in columns. The columns having four monomers 

0 0 1 are than selected and arranged into a switch matrix. 

. . , A . ^ N . Ajl . cnA Therefore, it is seen that the binary switch matrix in general 

where 1 denotes mumination (activation) and 0 denotes no ^ ^ ^ rcprcS cntation of all the products which can 

mumination. 25 ^ ^ from ^ n . stcp synthesis, from which the desired 

The matrix representation is used to generate a desired set oc jnaae ^«nau f / 

r . «i«cV* reeion that was illuminated in the preceding step is again 

° f ^Z ^^^ distributions or a maxi- SSU whereas the other half is Half of the regon 

rnal n^nta of products are desired. For example, for that was uinTluminate4 in the preceding step is also 

SjScD] Ly M vector (q,) consists offour bits. illuminated, whereas the other half is not Thus, masking is 

to^foi^veXs exist Hea'ce, a maximum of 16 33 recursive. The masks are constructed as *escnbed 

Scents [A3 CP]. These 16 column vectors can be placing them in a square array. For example, the four masks 

assembled in 16! different ways to form a switch matrix. The in S for a four-step synthesis are: 

order of the column vectors defines the masking patterns, ^ 

and, therefore, the spatial ordering of products but not their 1111 

niakeup.OneordermgofmesecolurmisgivesmefoUowing * 1 1 1 OT3 =° 0 ° ° 

switch matrix (in which "null" (6) additions are included in o 0 o 0 l l l l 

brackets for the sake of completeness, although such null 0 o o o o o o o 

additions are elsewhere ignored herein): 45 i i o o l 0 1 0 



110 0 10 10 

m= \ l o o^i o l o 

111111110OO000O0 A iioo 1010 

fl) 00000001111111 1J $ 



1 

s=to 



11100001111000 0 B 30 T^j^jQjsjye factoring of masks allows the products of a 

oooiiiiooooilli) $ light-directed synthesis to be represented by a polynomial. 

x 10011001 tooiioo C (some light activated syntheses can only be denoted by 

rooiiooiiooiiooil] * irreducible, Lc, prime polynomials.) For example, ^ poly- 

o ! o i o i o i o i o i o i o D 55 nomial corr^ponding to me top synthesis of FIG. 9a 

l0 loioioioioioioi] « (discussed below) is 

The columns of S according to this aspect of the invention t u M ^h it 

J£SJ Mentations of the numbers 15 to 0. The A reaction polynombl may be «panded as though It were 

shtccn Sc^f to binary synthesis arc ABCD, ABC. <o an algebraic expression, provided that fee <^ ° f f 1 ™ 8 ° f 

ABD AB ACD. AC, AD, A/BCD. BC. BD, B, CD, C D, reactants X, and X, is preserved (XW^ 

a?d6 SS) So note thatch of the switch vectors from V^^'^^^J^^'^^ 

toefour-stwsynfc^^ BC+BD. The polynomoal explicitly specifies the £*UnK 

JoduX S««t in the four bit binary switch matrix. and implicitly specifies the rnaskfor each ^*>*g%« 

proauos; are jj pajenthcjes demarcates a round of synthesis. The chemical 

< S 5£5Z* Provides an easy way for map- reactants of around (eg., AandB)react a, 

ping^e co^letS product The products in the various sites and hence cannot commnewxth one other. THe synthe- 
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<c.g..Ais directed to one-half of &e area and B to the other ^^when £ach rouad ^ two reactants A 10-sfcp 

Llf). Hence, Ae nuuks for a round (e.g. the nu^to nuand g^™^ ^ um compounds, and a 20-step 

BB) are orthogonal and form an c^onormal set Tnc °^ sis ^ dds li048r576 . Second, products f«»* » ■ 

^ynomial notation also signifies that each dement in a 5 W m & nested ^ w fo lengths 

ro^distobejoinedtocaefcderr^tofmenert^^ ranging from 0 to n. AU comrx)unds th^ can be f^d by 

Adrift C, A with D, B with C, and B with D). This is 0M of more units &om fte longest produrt Che 

Accomplished by having overlap m,, an m B equally, and contained withta the jtanaxy set are fce 

Sfe for ml Because C and Dare elements of a round, ^ sets that would be formed from the same reactanto 

STa^d m« £e orthogonal to each other and form an !0 usin any otner set 0 f masks (e.g. AC, AD, BC, and BD 

^J^S set formed in the syuthesis shown in FIG. 6 are present in the 

^H^omial representation of the binary synthesis set of 16 formed b y the ^ary synmesisMn some «^ 
JS^*^I.^ h^we^ex^^^ 

reactants, is 13 Th ^ refee practical limitations may require one to sdect a 

P=<A*«XiW) (C+fl) 0W» particular'subset of the possible switch vectors for a given 

which rives ABCD, ABC, ABD, AB, ACD, AC, AD, A, '^^mPLE . ^ 

BfT) BC BD B CD, C, D, and 0 when expanded (with the nG 6 mustratcs a synthesis with binary masking scheme, 

rule that 6X=X and X0=X, and remembering that joining is M m binary scheme provides the 8^.°^^ 

ortoed) In a binary synthesis, each round contains one sequences for a given number of cycles. Aceordmg to this 

re^Lit and one null (denoted by 6). Half of the synthesis em \ Jodimellt) a M sk ml allows ®^*™ n ° f ^°**t 

area receives the reactant and the other half receives nothing. substrate . ^ su bstrate is then exposed to the building block 

Each mask overlaps every olher mask equaUy. A> wh i<A bmds at me mumiiiated regions. 

Binarv rounds and non-binary rounds can be interspersed M ^^^thernaskira allows lUumination of btilot the 

as derfred, as in previously Eliminated region, while protecting half of ^the 

^ deviously mummated region. The bmldrng block B is then 

rMA+exBXC+meXB^) added, which binds at the muminated regions from mz. 

, , ~. ~. abtb ATiPF ABCG The process continues with masks m3, m4, and m5. 

The 18 compounds^ formed at L^^^^g' M resu Lg in the product array shown in the bottom porhoa of 

ABDE, ABDF, ABDO, ABE, ABF, ABG, BCB, BCF, BCU, » ™^*™™ v ™ Rcncra te S 32 (2 raised to the power 

BDE, BDF, BDG, BE, BF, and BG. The switch matrix ^^ZSSSii sequent with 5 (the number 

this 7-step synthesis is of monomers) cydes. 

1 1 1 1 1 1 I! 1 ! « m?E£-« -other preferred binary maskmg 

1 1 1 1 1 1 1 1 1 ' ! I n I I I schemewWchisref^toheremasmegmycodeinaskmg 
t xl o o o o o o t i l o o o o o o scheme wi ^ ^ embodijneiit) me ^^tomS 

S=o ooiiioo ooooiliooo MC ^ ected sucfa mat a side ofany given synthesis region is 
tooiooiooiooiooioo defined by me edge of ody one mask. The site at wWch the 
oiooiooiooiooiooio ^ en ceBCDE is formed, for example, has hs right edge 
ooiooiooiooiooiooi defined by m5 and its left side fonrn^ by mask m4 (and no 

other mask is aligned on the sides of this site). Accordingly, 
The round denoted by (B) places B in all products because problems created by misalignment^ diffusion of light under 
Ihe rSn was umfonnly activated (the mask for B Se mask and the like wiU be minimized. 

M S1«^ of^corniounds k f«med in a synthesis 43 ^ Kra.es another binary masking 

reactants and Zj nulls, is SSXdJFor example, the mask m2 could be the same 

*3& & z) so mask as ml and simply translated laterally. Sinularly, the 

mask m4 could be the same as mask m3 and simply 
and the number of chemical steps n is translated laterally. 

4. EXAMPLE „, ' t 

■ a four-step synthesis is shown in FIG. 9a. The reactants 
Tnenurnberofcorr^uiKlssyiimesizcdwhenb^andz^in J5 are the ordered set {a;B,C,D}- m me first cyde, 0^*™ 
111 rounds is a"", compared with 2" for a binary synthesis. m activates the upper half of me syndesis area. 

?L ~20 and a-5 compounds (all tetrameros) would be Bufld £ block A is then added to give the distnbuUon 602. 
S rr^redwith compounds in a binary ^^n through mask m, (^^^tlrmedllte 

svXsi/vXhe same number of chemical steps. ha lf), foUowedby addition of B yidds the next mterinedute 

ft sho^lddL be noted that rounds in a polynomial can be a ^bution 604. C is added after .iU^ 0 ^"^' 
nested^ in (which activates the left half) giving fce distortion 604 

Destod ' * Sm and D after illumination through m, (which activates fte 

(A-K&rtXC+exi^) right half), to yield the final product pattern 608 (ACAD, 

meI ^o s ~*D,BCD,BD,a).D.A.BC,B.C,^ ^ BCBW^ 
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of Lo rounds, with 20 photolysis and chcm^ couphng ^^"^^ABCD could come from 

cycles per round. In the first cycle of round 11 mask 1 ^S^S^£Sv as ACD. Such an artifact 

activates ft* of the substrate forcoupbng with the fin ; of a ^^™ h ^^Sng that the fluorescence 

20 amino acids. Nineteen subsequent fflumin^conphng J T^jS^^SSSaflbeABCDrilc. 

cycles in round 1 yield a substrate ^g^,- "SflSTi^SS Veiled peptides in the array 

gularstri^seachbearkgadrstmctmeinbtfofth^Oammo _ J*™ J^Sto of 1(0 24 pepti des described 

Sds. ThVmasks of round 2 are perpendicular to round 1 f^^^S £> No:5), YGAFS (SEQ. ID 

n^ks and therefore a single illuininatioa/couphng cycle m above, ^J^^^^^s (SEQ . n> No:8), 

round 2 yields 20 dipeptides M to ^YG^SE^No^Y^ ^ . ^ 

cycles of round 2 complete the synthesis of the 400 dipep- ™<&V.V «JJ* ^ n)No:ll).YGAFLF(SEQ. 

tides. K m jj o: j2) YGAF (SEQ. ID No:13), YGAFF (SEQ. ID 

6. EXAMPLE ~? \. s (sfo m No:15). YGGFL (SEQ. ID 

T^epowerofthebinaryinaskuigstotegyc^beappre- No 4 , YGGLS (SBQ. ID »^»™*{ < ^ 

dated by toe outcome of a IC-step «^ 15 showing 

1,024 peptides. The polynomial expression for this 10-step ^^^e^nalVosine is a key determinant of 
binary synthesis was: 3 of ^ Jet ^ either AorG, and residue 

(MXY+excH«XA+«X<>t«xr+«) (F+e)0ue)(s+«XF+6) 4 is either F or L. The exclusion of S and T from these 

Each peptide occupied a 400x400 pm squa^A 32x32 20 P°^c^^^^ 
peptidea\ray(l,024peptides,mdu^ Itt^lSS^Sto-l^*^"^^ 
10 ipeptides of 1=1, and a limited number of duplicates) was w^ch a voy X Sod^l^e^ for binding to 
deK evident in a fluorescence scan ^S^^SSS^c. M Mai. Sci. USA, 

deprotection and treatment with the antibody 3E7 and fluo- ^rporated herein by reference). Addi- 

rescinate4 antibody. Each synthesis site was a 400x400 urn 25 ^^^M ^ leads" from peptides on 

(positions 1, 6, 8, 9, and 10 are nulls). YGAFLS (SEQ. DO • (PXQXR)(A^XB^XC^)0>^XXXYXZ) 

No:4), the brightest clement of the array, is at x=20 and y=9. 40 ^ 

It is often desirable to deduce abinding affinity of a given Sixteen peptides will be formed, ranging ;ui length from the 

peptide from the measured fluorescence intensity. 6^mff PQRXYZ to the 10-mer I^RABCDX^. 

Conceptually, the simplest case is one in which a single Several other masking strategies will also find value in 

peptide binds to a univalent antibody molecule. The fluo- selected circumstances. By using a particular mask: more 

rescence scan is carried out after the slide is washed with 45 than once, two or more reactants will appear * the same set 

buffer for a defined time. The order of fluorescence inten- 0 f products. For example, suppose that the roasK lor an 

sities is then a measure primarily of the relative dissociation g.^ep synthesis is 

rates of the antfl>ody-peptide complexes. If the on-rate 

constantsarethesame(e.g,ifwe^ 

the order of fluorescence intensities will correspond to the 50 fi OOO0U11 

order of binding affinities. However, the situation is some- c UO oiioo 

times more complex because a bivalent primary antibody j> ooiioon 

and a bivalent secondary antibody are used. The density of B 10101010 

peptides in a synthesis area corresponded to a mean scpa- Q mioooo 

ration of -7 nm, which would allow multivalent antibody- 55 H q^qhh 

pepUde interactions. Hence, fluorescence intensities _ ^ - 

obtained according to f ^ method toein will often be a ^ ^ACEG, ACFG, ADEG, ADFG, BCEH, 

qualitative indicator of binding affinity. mwH and BDFH. A and G always appear together 

or i^iete ceding. The coupling yield per cycle in ttewise for B and H. 

these experiments is typically between 85% and95%_ C A^gScrrcd embodiments the linker molecules 

j7 1CM tC£l^^TSl ^ «2E^E£-tay between the synthesized polymers 

because of light diffraction, internal renecuon, auu s«u « en u ctr;itr are selected for optimum length and/or 

tag. Consequently, stowaways (chemteal « £ te1£^b^£&» with areceptor. 

not be on board) arise by unintended illumination i of regions type Jor lm P™ e V^ f B ft linkers of 

that should be dark. A binary synthesis array contains many According to tins aspect 
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varying lengm and/or type arc synthesized for subset car*g group* ^^^SflS j£ 
^dunemof.UgMATl^ghvamUonsinlhelen^and chaiucal d ^^^oup Analogously, attachment of a 
type of linker, it becomes possible to optimize the tending group of a nucleoside 

interaction between an immobifced ligand and its receptor. ^^Xsb using for example, phosphate-triester cou- 
The degree of binding between a llgand (peptide, 5 ^ J*^^ prevents the 5'-hydroxyl of one nucleoside 
inhibitor, hapten, drug, etc.) and its receptor (enzyme, vjt ^ ^ ^ y . aCd v*ted phosphate-triester of 
antibody, etc.) when one of the partners is immobilized on 

to a substrate will in some embodiments depend on the Regardless of the specific use, protecting groups are 
accessibility of the receptor in solution to the immobilized e]U pi oy ed to protect a moiety on a molecule from reacting 
ligand The accessibility in turn will depend on the length 10 wim ^ther reagent Protecting groups of the present inven- 
and/or type of linker molecule employed to immobilize one tion ^ f ollowing characteristics: they prevent selected 
of the partners. Preferred embodiments of the invention rea g en ts from modifying the group to which they are 
therefore employ the ULSIPS™ technology described attached; they are stable (that is, they remain attached to the 
herein to generate an array of, preferably, inactive or inert molecule) to the synthesis reaction conditions; they are 
S of varying length and/or type, using photochemical 15 removable under conditions that do not adversely affect the 
Acting (ZpTto selectively expose different regions of rcm aining structure; and once remove* do not react appre- 
IhTsubstrate and to build upon chemically-active groups. ciably with the surface or surface-bound oligomer. The 
In the simplest embodiment of this concept, die same unit election of a suitable protecting group will depend, of 
is attachedto the substrate in varying multiples or lengths in course , on the chemical nature of the monomer unit and 
known locations on the substrate via VLSIPS™ techniques 20 oligomer, as well as the specific reagents they are to protect 
•n wncrate an arrav of polymers of varying length. A single against 

M fo^uTdrw ^hapten, etc.) is attached to each of \ , preferred embodiment, the protecting groups are 
assay is performed with the binding site to photoactivatable. The properties and uses of photcreacttve 
evaluate the degree of binding with areceptor that is known protecting compounds have been reviewed. See, McCray •* 
to bind to the ligand. In cases where the linker length 25 aL, Am. Rev. of Biophys. and Biophys. Chem. (1989) 
impacts the ability of the receptor to bind to the hgand, 18:239-270, which is incorporated herein by reference, 
varying levels of binding will be observed. In general, the preferably, the photosensitive protecting group* . wffl I be 
toto which provides the highest binding will then be used rcm ovable by radiation in the ultraviolet (UV) or visible 
to assay otheVligands synthesized in accordance with the portion of the electromagnetic spectrum .More preferawy, 
teSues todn. 30 the protecting groups will be removable by radiation in the 

According to other embodiments the binding between a near UV or visible portion of the spectrum. In some 
rin.de beandVreceptor pair is evaluated for linkers of diverse embodiments, however, activation may be performea oy 
monomer sequence. According to these embodiments, the other methods such as localized heating, electron beam 
linkers are synthesized in an array in accordance with the lithography, User pumping, oxidation or reduction W1U1 
technioues herein and have different monomer sequence 35 microelectrodes, and the like. Sulfonyl compounds are smt- 
(and optionally, different lengths). Thereafter, all of the ^ reactive groups for electron beam holography. Oxida- 
linker molecules are provided with a ligand known to have trve or reductive removal is accomplished by exposure of the 
at least some binding affinity for a given receptor. The given protecting group to an electric current source preferably 
receptor is then exposed to the hgand and binding affinity is using microelectrodes directed to the predefined regionsof 
deduced, linker molecules which provide adequate binding 40 n e SQ rface which are desired for activation. Other methods 
between the hgand and receptor are then utilized in screen- may be used in light of this disclosure. 
JJSSta Many,almoughnotall,ofwephotoremovableprc.tecting 
D Protecting Groups groups will be aromatic compounds that absorb near-UV and 

As discussed above, selectively removable protecting visible radiation. Suitable photoremovable protecting 
groups allow creation of well denned areas of substrate 43 g^ps are described in, for «cample, McQay e t aL 
2 having differing reactivities. Preferably, the protect- Patchornik, /. Airur. Chan. Soc. (1970) 92 :6333, and Anut 
S ^pTare selectively removed from the surface by ct aL, j. Org. Chem. (1974) 39:192, which are incorporated 
anolvins a specific activator, such as electromagnetic radia- herein by reference. 

tten of a specfficwavelength and intensity. More preferably, A preferred class of photoremovable protecting groups 
the specific activator exposes selected areas of surface to so ^ the general formula: 
remove the protecting groups in the exposed areas. 

Protecting groups of the present invention are used in 
conjunction with solid phase oligomer syntheses, such as 
peptide syntheses using natural or unnatural amino acids, 
nucleotide syntheses using deoxyribonucleic and ribo- 55 
nucleic acids, oligosaccharide syntheses, and the like, la 
addition to protecting the substrate surface from unwanted 
reaction, the protecting groups block a reactive end of the 
monomer to prevent self-polymerization. For instance independently are a hydrogen 

3 TSo adTto prevent reaction at this site. Most atom, a alkoxyl. alkyl, hydrogen, halo, aryl, or alkenyl 
protecting groups can be attached to either the amino or the group, and n=0 or 1. 
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Aprefeired protecting group, 6-nitroveratryl (NV), which 
is used for protecting the carboxyl terminus of an amino acid 
or the hydroxyl group of a nucleotide, for example, is 
formed when R 2 and R 3 are each a methoxygroup, R\ R 
and R 5 are each a hydrogen atom, and n=0: 



Me NOj 




a 



OMe 




OMe 



10 



OMc 



OMe 



A preferred protecting group, 6-nitroveratryloxycarbonyl 
(NVOC), which is used to protect the amino terminus of an 
amino acid, for example, is formed when R 2 and R 3 are each 
a methoxy group, R l , R 4 and R 5 are each a hydrogen atom, 
and n=l: 



Another most preferred protecting group, methyl-6- 
nitroveratryloxycarbonyl (MeNVOC), which is used to pro- 
tect the amino terminus of an amino acid, for example, is 
formed when R 2 and R 3 are each a methoxy group, R and 
R 4 are each a hydrogen atom, R 5 is a methyl group, and n-1: 



o 



NOa 




20 



25 




OMe 



OMe 



OMe 



OMe 



Another preferred protecting group, o^mtropiperonyl 
(NP), which is used for protecting the carboxyl terminus of 
an amino acid or the hydroxyl group of a nucleotide, for 
example, is formed when R 2 and R 3 together form a meth- 
ylene acetal, R\ R 4 and R 3 are each a hydrogen atom, and 35 
n=0: 



Another most preferred protecting group, methyl-6- 
nitropiperonyl (MeNP), which is used for protecting the 
carboxyl terminus of an amino acid or the hydroxyl group of 
a nucleotide, for example, is formed when R and R 
together form a methylene acetal, R 1 and R are each a 
hydrogen atom, R 5 is a methyl group, and n=0: 



Me 





NOi 



n 



Another preferred protecting group, 
6-nitropiperonyloxycarbonyl (NPOQ, which is used to pro- 
tect the amino tenninus of an amino acid, for example, is 
formed when R 2 and R 3 together form a methylene acetal, 
R\ R 4 and R 3 are each a hydrogen atom, and n=l: 



NOi 



40 



Another most preferred protecting group, methyl-6- 
nitropiperonyloxycarbonyl (MeNPOQ, which is used to 
45 protect the amino terminus of an amino acid, for example, is 
formed when R 2 and R 3 together form a methylene acetal, 
R l and R 4 are each a hydrogen atom, R 5 is a methyl group, 
and n=l: 




50 



55 



NO2 




A most preferred protecting group, memyl-6-nitroveratryl 
(MeNV), which is used for protecting the carboxyl terminus 
of an amino acid or the hydroxyl group of a nucleotide, for 
example, is formed when R 2 and R 3 are each a methoxy 
group, R 1 and R 4 are each a hydrogen atom, R is a methyl 
group, and n=0: 



A protected amino add having a photoactivatable oxy- 
60 carbonyl protecting group, such NVOC or NPOC c* then: 
corresponding methyl derivatives, MeNVOC or MeNPOC, 
respectively, on the amino tenninus is formed by acylating 
the amine of the amino acid with an activated oxycarbonyl 
« ester of the protecting group. Examples of activated oxy- 
carbonyl esters of NVOC and MeNVOC have the general 
formula: 
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OMe 




where Y is a halogen atom, a tosyl, mesyl, trifluoromethyl, 
10 azido, or diazo group, and the like. 

Another class of preferred photochemical protecting 
groups has the formula: 



OMe 



15 



where X is halogen, mixed anhydride, phenoxy, 
p-nitrophenoxy, N-hydrcxysucdnimide, and the like, 

A protected amino acid or nucleotide having a photoac- 
tivatable protecting group, such as NV or NP or then: 
corresponding methyl derivatives, MeNV or MeNP, 
respectively, on the carboxy terminus of the amino acid or 
5'-hydroxy terminus of the nucleotide, is formed by acylat- 
ing the carboxy terminus or 5'-OH with an activated benzyl 
derivative of the protecting group. Examples of activated 
benzyl derivatives of MeNV and MeNP have the general 
formula: 



20 




R* R 5 



Me 




NOi 



a 



OMe 



OMe 
MeNV-X 




25 where R\ R 2 , and R 3 independentiy are a hydrogen atom, a 
lower alkyl, aryl, benzyl, halogen, hydroxyl, alkoxyl, thiol, 
thioether, amino, nitro, carboxyl, formate, formamido, 
sulfanates, sulfido or phosphido group, R and R indepen- 
dently are a hydrogen atom, an alkoxy, alkyl, halo, aryl, 

30 hydrogen, or alkenyl group, and n=0 or 1. 

A preferred protecting group, 
1-pyrenylmethyloxycarbonyl (PyROC), which is used to 
protect the amino terminus of an amino acid, for example, is 
formed when R 1 through R 5 are each a hydrogen atom and 

35 n=l: 



40 



45 



50 



where X is halogen, hydroxyl, tosyl, mesyl, trifluormethyl 
diazo, azido, and the like. 

Another method for generating protected monomers is to 
react the benzylic alcohol derivative of the protecting group 
with an activated ester of the monomer. For example, to 
protect the carboxyl terminus of an amino acid, an activated 
ester of the amino acid is reacted with the alcohol derivative 
of the protecting group, such as 6-nitroveratrol (NVOH). 
Examples of activated esters suitable for such uses include 
halo-formate, mixed anhydride, imidazoyl formater acyl 
halide, and also includes formation of the activated ester in 55 
situ the use of common reagents such as DCC and the like. 
See Amertoa et aL for other examples of activated esters. 

A further method for generating protected monomers is to 
^xcact the benzylic alcohol derivative of the protecting group 60 
with an activated carbon of the monomer. For example, to 
protect the 5*-hydraxyl group of a nucleic acid, a derivative 
having a 5'-activated carbon is reacted with the alcohol 
derivative of the protecting group, such as methyl-o- 
nitropiperonol (MePyROH). Examples of nucleotides hav- 65 
inga^tivating groups attached to the 5'-hydroxyl group have 
the general formula: 




Another preferred protecting group, 1-pyrenylmethyl 
(PyR), which is used for protecting the carboxy terminus of 
an amino acid or the hydroxyl group of a nucleotide, for 
example, is formed when R 1 through R 5 are each a hydrogen 
atom and n=0: 




An amino acid having a pyrenylmethyloxycarbonyl pro- 
tecting group on its amino terminus is formed by acylation 
of the free amine of amino acid with an activated oxycar- 
bonyl ester of the pyrenyl protecting group. Examples of 
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activated oxycarbonyl esters of PyROC have the general 
formula: 



hrVOC-AA-^3,4-dimethoxy-6-nitrosobenzaldehyde+ 

C0 2 +AA u _ 

MeNVOC-AA^3,4-diiaethoxy-6-nitrosoacetophenone-i- 

C0 2 +AA . . . 

where AA represents the N-terminus of the amino acid 

oligomer. 

Along with the unprotected amino acid, other produ cts are 
liberated into solution: carbon dioxide and a 23-dimethoxy- 
6-nitrosophenylcarbonyl compound, which can react with 
nucleophilic portions of the oligomer to form unwanted 
secondary reactions. In the case of an NVOC-protected 
amino acid, the degradation product is a 
nitrosobenzaldehyde, while the degradation product for the 
other is a nitrosophenyl ketone. For instance, it is believed 
that the product aldehyde from NVOC degradation reacts 
where X is halogen, or mixed anhydride, p-nitrophenoxy, or 15 withfrccan ^ cs toformaSchtf ba^ 
N-hyoVoxysuccinimide group, and the like. remaining polymer synthesis. Preferred photore movable 

A protected amino acid or nucleotide having a photoac- protecting groups react slowly or reversibly with the oligo- 
tivatable protecting group, such as PyR, on the carboxy 
terminus of the amino add or S'-hydroxy tenninus of the 




10 



mer on the support t a 

terminus of the amino add or d -nyoxoxy wnuiiu^ — Again not wishing to be bound by theory, it is o^evea 
nucleic acid, respectively, is formed by acylating the car- 20 ^ &c —^cl ketone from irradiation of a MeNVOC- 
boxy terminus or 5'-OH with an activated pyrenylmethyl oligomcr reacts at a slower rate with nucleophite 



derivative of the protecting group. Examples of activated 
pyrenylmethyl derivatives of PyR have the general formula: 




tnai me prouuti *»uuv 

protected oligomer reacts at a slower rate with nucleopmles 
on the oligomcr than the product aldehyde from irradiation 
of the same NVOC-protected oligomer. Although not unam- 
biguously determined, it is believed that this difference in 
25 reaction rate is due to Hie difference in general reactivity 
between aldehyde and ketones towards nuclepphiles due to. 
steric and electronic effects. 

The photoremovabie protecting groups of the present 
invention are readily removed For example, the photolys^ 
of N-protected ^phenylalanine in solution and having dif- 
ferent photoremovabie protecting groups was analyzed, and 
the results are presented in the following table: 



30 



35 



A- 40 



where X is a halogen atom, a hydroxyl, diazo, or azido 
group, and the like. , 

Another method of generating protected monomers is to 
react the pyrenylmethyl alcohol moiety of the protecting 
group with an activated ester of the monomer. For example, 
an activated ester of an amino acid can be reacted with the 
alcohol derivative of the protecting group, such as pyrenyl- 
methyl alcohol (PyROH), to form the protected derivative of 
the carboxy terminus of the amino acid. Examples of acti- 
vated esters include halo-formate, mixed anhydride, imida- 
zoyl formate, acyl halide, and also includes formation of the 
activated ester in situ and the use of common reagents such 45 
as DCC and the like. 

dearly, many photosensitive protecting groups are suit- 
able for use in the present invention. 

In preferred embodiments, the substrate is irradiated to 
remove the photoremovabie protecting groups and create 50 
regions having free reactive moieties and side products 
resulting from the protecting group. The removal rate of the 
protecting groups depends on the wavelength and intensity 
of the incident radiation, as weU as the physical and chemi- 
cal properties of the protecting group itself. Preferred pro- 55 
tecting groups are removed at a faster rate and with a lower 
intensity of radiation. For example, at a given set of 
conditions, MeNVOC and McNPOC are photolyttcaUy 
removed from the N-terminus of a peptide chain fasterthan 
their unsubstituted parent compounds, NVOC and NPOC, 60 
respectively. 

Removal of the protecting group is accomplished by 
irradiation to liberate the reactive group and degradation 
products derived from the protecting group. Not wishing to 
be bound by theory, it is believed that irradiation of an 65 
NVOC- and MeNVOC-protected oligomers occurs by the 
following reaction schemes: 



TABLE 



PSr*nW of P ^tel T^Fhe— OH 



iii<irT tqaccood3. 



Solvent 



NBOC NVOC MeNVOC McNPOC 



Dioxaoe 

5 mM HjSOVDiaxaiic 



1288 
1575 



110 
98 



24 

33 



19 

22 



The half life, tl/2, is the time in seconds required to 
remove 50% of the starting amount of protecting] group. 
NBOC is the 6-mtrobenzyloxycarbonyl group, NVOC is the 
6-nitroveratryloxycarbonyl group, MeNVOC isthe^ methyl- 
6-nitrovaatryloxycarbonyl group, and MeNPOC is tne 
methyl-6-nitropiperonyloxycarbonyl group. The photolysis 
was carried out in the indicated solvent with 362/364 
nm-wavelength irradiation having an mtensity of 10 
mW/cnr\ and the concentration of each protected phenyla- 
lanine was 0.10 mM. XT _ /rk _ 

The table shows that deprotection of NVOC-, MeNVUC-, 
and MeNPOC-protected phenylalanine proceeded faster 
than the deprotection of NBOC Furthermore, it shows that 
the deprotection of the two derivatives that are substituted 
on the benzylic carbon, MeNVOC and MeNPOC, were 
photolyzed at the highest rates in both dioxane and acidified 

dioxane. _ „. 

1. Use of Photoremovabie Groups During Solid-Phase 

Synthesis of Peptides 

The formation of peptides on a solid-phase support 
requires the stepwise attachment of an amino acid to a 
substrate-bound growing chain. In order to prevent 
unwanted polymerization of the monomeric amino add 
under the reaction conditions, protection of the amino ter- 




5,744,305 

27 28 

minus of the amino add is required. After the monomer is 
coupled to the end of the peptide, the N-terminal protecting 
croup is removed, and another amino add is coupled to the 
chain. This cycle of coupling and deprotecting is continued 
for each amino add in the peptide sequence. See Memfield, 
y. Am, Chem. Soc. (1963) 85:2149, and Atherton ct aL, 
"Solid Phase Peptide Synthesis" 1989, IRL firess, London, 
both incorporated herein by reference for all purposes. As B is the base attached to the sugar ring; R is a 

described above, the use of a photoremovable protecting j(j n ^ whcn ^ sugar ^ deoxyribose or R is a 

croup allows removal of selected portions of the substrate when the sugar is ribose; P represents an 

surface via patterned irradiation, during the deprotection a £ tivatcd phosphorous group; and X is a photoremovable 
evele of the solid phase synthesis. Tins selectively allows protcct ing group. The P^ torcm ^ e /^^£°"£ ^ 
i control of me synthesis-^ next amino acid is ' f s pre ferably NV, NP, PyR, MeNV MeOT and the like as 
spaual control . ^ . „ a/^v^a nhnv* The activated phosphorous group, P, is 

coupled only to the iiradiatcd areas. 13 ^^f v 7^° h a^ig a high coupling 

I„ one embodiment, the photoremovable protecting ggrably /Xfa^hosplute-triester, ^osphoramidite or 
groups of the present invention are attached to an activated ^ ^ aetivated phosphorous derivatives, as well as 
ester of an amino acid at the amino terminus: reaction conditions, are well known (Sec Gait). 

E. Amino Acid N-Carboxy Anhydrides Protected With a 
Y NH-X 20 Photoremovable Group . , . nf 

Y During Memfield peptide synthesis, an activated ester of 

R one amino acid is coupled with the free ammo terminus of 

a substrate-bound oligomer. Activated esters of amino acids 
„. d ; s the side chain of a natural or unnatural amino suitable for the solid phase synthesis include halo-formate, 

a high coupling effidency, such as an acyl haUde, mixed Q 
anhydride, N-hy<froxysuccmbmde ester, perfluorophenyl j 
ester, or urethane protected add, and the like. Other acti- N"^ 
vated esters and reaction conditions are well known (See | 0 

Atherton et al.). * 

2. Use of Photoremovable Groups During Solid-Phase U ^ 

Synthesis of Oligonudeotides 

The formation of oligonudeotides on a s°Kd-phase sup- ^ ^ ^ q{ ^ amino add md x is a 

port requires the stepwise attachment of ^ ud ~^ a 40 pho toremovable protecting group. This compound is a 
substrate-bound growing oligomer. In order to prevent F tected ^0 add having a photoremovable 

unwanted polymerization of the monomenc nudeotide ( ^ attach to the amine. A more rxefcrred 

under the reaction conditions, protection of the 5 -hydroxyl £ ctivate d anuno add is formed when the photoremovable 
group of the nucleotide is required. After the monomer is protccting group has the general formula: 
coupled to the end of the oligomer, the S'-hydroxyl protect- 45 
ing group is removed, and another nucleotide is coupled to 
the chain. This cyde of coupling and deprotecting is con- 
tinued for each nucleotide in the oligomer sequence. See 
Gait, "Oligonucleotide Synthesis: A Practical Approach 
1984 IRL Press, London, incorporated herein by reference 50 
for all purposes. As described above, the use of a photore- 
movable protecting group allows removal, via patterned 
irradiation, of selected portions of the/ubstrate surface independently are a hydrogen 

during the deprotection cyde of the solid phase syndesis where R R ^ ^ 
This selectively allows spatial control of the synthesis-the * atom * ww jr^ ^ carboxyi, formate, 

next nudeotide is coupled only to the irradiated areas. forma ^ do phosphido group, or adjacent substituents 

Oligonudeotide synthesis generally involves coupling an R l -R 2 , R 2 -R 3 , R 3 -R 4 ) are substituted oxygen jroups 

activated phosphorous derivative on the 3'-trydroxyl group ^ togcthcr form a cydic acetal or ketal; and R is a 
of a nudeotide with the S'-hydroxyl group of an oligomer ^ hydrogcn atom, an alkoxyl, alkyi, hydrogen, halo, aryl, or 
bound to a solid support Two major chemical methods exist ^ cnyl group, 

to perform this coupling: the phosphate-triester and phos- A preferred activated amino acid is formed when the 
phoramidite methods (See Gait). Protecting groups of the pho toremovable Protecting group 1 
Present invention are suitable for use in either method. ^overatryloxycarbonyl That is R and R are each a 

^preferred^^ « *gfi^ 

group is attached to an activated nucleotide on the ^•JsW*^ ^ h ^ orcmovablc gr 0U p is 
S'-hydroxyl group: 
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6-nitrcoipcronyl: R l and R 4 arc each a hydrogen atom, R 2 of skill in the art such as a model no 2025 made by Spectra 
and ^ together form a methylene acetal, and R 5 is a Physics. Light from the source is directedat a lens 1<MM 
parogen atom. Other protecting groups are possible. whiAisrjefe^ 

Another preferred activated ester it formed when the pho- to those of skill in the ^^ K re ^^f^? l ^ 
toremovable group is methyl-^nitroveratryl or methyl-6- 5 10O4is alinear beam rather than a spot of bght, resultmg in 
niu^ipCTonyl the capability to detect data substantially simultaneously 

Another preferred activated amino add is formed when along a linear array of pixels rather than on a pixel-by-pixel 
the photoremovable protecting group has the general for- basis. It wfll be understood that a ^^dncal lens is used 

herein as an illustration of one technique for generating a 
linear beam of light on a surface, but that other techniques 
10 could also be utilized. 

The beam from the cylindrical lens is passed through a 
dichroic mirror or prism (1006) and directed at the surface 
of the suitably prepared substrate 1008. Substrate 1008 is 
placed on an x-y translation stage 1009 such as a model no. 
15 PM500-8made by Newport light at certain locations on the 
substrate will be fluoresced and transmitted along the path 
indicated by dashed lines back through the dichroic mirror, 
and focused with a suitable lens 1010 such as an ffl.4 
camera lens on a linear detector 1012 via a variable f stop 
20 focusing lens 1014. Through use of a linear light beam, it 
becomes possible to generate data over a line of pixels (such 
where R\ R 2 , and R 3 independently are a hydrogen atom, a as about 1 cm) along the substrate, rather than from indi- 
lower alley 1, aryl, benzyl, halogen, hydroxyl, alkoxyl, thiol, yidual on the substrate. In alternative embodiments, 
thioether, amino, nitro, carboxyl, formate, formamido, jjght is ejected at a 2-dimensional area of the substrate and 
sulfanates, sulfido or phosphido group, and R 4 and R ^ fl uorcscc d light detected by a 2-dimensional CCD array, 
independently are a hydrogen atom, an alkoxy, alkyl, halo, jj n ear detection is preferred because substantially higher 
aryl, hydrogen, or alkenyl group. The resulting compound is ^ densities are obtained. 

a methane-protected amino acid having a pyrenylmethy- Detector 1012 detects the amount of light fluoresced from 
loxycarbonyl protecting group attached to the amine, A more ^ ju^trate as a function of position. According to one 
preferred embodiment is formed when R l through R are ^ cmIx)( tt IIlcnt the detector is a linear CCD array of the type 
each a hydrogen atom, commonly known to those of skill in the art The x-y 

The urethane-protected amino acids having a photore- translation stage, the light source, and the detector 1012 are 
movable protecting group of the present invention are pre- ^ Q^^ly connected to a computer 1016 such as an IBM 
pared by condensation of an N-protected amino acid with an pc_AT or equivalent for control of the device and data 
acylating agent such as an acyl halide, anhydride, chloro- 35 ^^on fr om me CCD array. 

formate and the like (See Fuller et al, U.S. Pat No. ^ p pcra ti onj the substrate is appropriately positioned by 
4,946,942 and Fuller et aL, J. Amen Chan, Soc. (1990) ^ u^^on sta ge. The light source is then ffluminated, 
112:7414-7416, both herein incorporated by reference for and intensity data are gathered with the computer via the 
all purposes). detector. 

Urethane-protected amino acids having photoremovable ^ pj G 12 illustrates the architecture of the data collection 
protecting groups are generally useful as reagents during system in greater detail. Operation of the system occurs 
solid-phase peptide synthesis, and because of the spatially undcf ^ Section 0 f the photon counting program 1102 
selectivity possible with the photoremovable protecting (photon), included herewith as Appendix B. The user inputs 
group, are especially useful for the spatially addressable ^ SGm dimensions, the number of pixels or data points in 
peptide synthesis. These amino acids are difunctional: the 4J a TC g 0Jlj ^ the scan speed to the counting program. Ma a 
urethane group first serves to activate the carboxy terminus GplB ^ uw ^ program (in an IBM PC compatible 
for reaction with the amine bound to the surface and, once computer, for example) interfaces with a multichannel scaler 
the peptide bond is formed, the rAotoremovablc protecting nQ6 such as a Stanford Research SR 430 and an x-y stage 
group protects the newly formed amino terminus from CO ntroUa 1108 such as a PM500. The signal from the ligjit 
further reaction. These amino adds are also highly reactive ^ from the fluorescing substrate enters a photon counter 1110, 
to nudeophiles, such as deprotected amines on the surface providing output to the scaler 1106. Data are output from the 
of the solid support, and due to this high reactivity, the scalcr indicative of the number of counts in a given region, 
solid-phase peptide coupling times are significantly reduced, Afta scaimm g a selected area, the stage controller is acti- 
and yields are typically higher. vatc d w ith commands for acceleration and vdodty, which in 

IV. Data Collection 55 turn drives the scan stage 1112 such as a FM500-A to 

A. Data Collection System another region. 

Substrates prepared in accordance with the above descrip- Data are collected in an image data file 1114 and pro- 
tion are used in one embodiment to determine which of the cessed in a scaling program 1116, also induded in Appendix 
plurality of sequences thereon bind to a receptor of interest B. A scaled image is output for display on, for example, a 
HG 11 illustrates one embodiment of a device used to 60 VGA display 1118. The image is scaled based on an input of 
detect regions of a substrate which contain flourescent the percentage of pixels to clip and the minimum and 
markers. This device would be used, for example, to detect maximum pixd levels to be viewed The system outputs for 
the presence or absence of a labeled receptor such as an use the min and max pixd levels in the raw data, 
antibody which has bound to a synthesized polymer on a B. Data Analysis 

substrate 65 The output from the data collection system is an array of 

light is directed at the substrate from a light source 1002 data indicative of fluorescent intensity versus location on the 
such as a laser light source of the type well known to those substrate. The data are typically taken over regions substan- 
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tiaiiy smaller than the area is which synthesis of a given At step 1312 the system then integrates the data .within the 

polymer has taken place. Merely by way of example, if bandwidthfar «^5^^ d ^' s ^.*' < ^. a '^P 

Polymers were synthesized in squares on the substrate 1314 using the ^synthesis procedureffle and 

taving^mensioos of 500 microns by 500 microns, the data to a user on, for example, a video display or a printer, 

may be taken over regions having dtaensions of 5 microns 5 Representative Applications 

by 5 microns. In most preferred embodiments, the regions ■ ^ . 

over which flourescence data are taken across the substrate A. Oligonucleotide Synthesis 

are less than about W the area of the regions in which The generality of light directed spatially addres»bk 

^dividual polymers are synthesized, preferably less than V,o paralld chemical synthesis is demonstrated by application to 

the area in which a single porymer is synthesized, and most 10 nucleic acid synthesis. 

preferably less than Woo the area in which a single polymer h-^Xated rormation of a thymidinecytidine dimer 

is synthesiz eAHence^ within any area „ .which a given J^g^^ ^ioTrepresSution of a 

polymer has been synthesized, a large number of fluores- w uoresceMe scan showing , check^ardpattern generated 

cence data points are collected. by meHiht-directedsynmesisofadinucleotideisshownin 

A plot of number of pixels versus intensity for a scan of 15 £ g ^^vaaiiyl thymidine was attached to a synthe- 

a cell when it has been exposed to, for "ample, a labeled ^^g, through the 3' hydroxyl group. The nitroveratryl 

antibody wfll typically take the form of a bell curve, but <Aectia . ffoaps were removed by rumination through a 

spurious data are observed, particularly at higher intensities. ^ checkerboard mask. The substrate was then treated 

Sincettisdesirabletouseanavnageofflu^ wim phosphorarnidite activated 2'-deoxycytidine. In order to 

over a given synthesis region m deterauru^ 20 fdto £ m £ rcaction flu0 rometricaUy, the deoxycytidine had 

affinity, these spurious data will tend to undesirably skew the ^ modMed ^ ^ moc ^ea^ aminohexyl linker 

d* 1 *- , . . .... . .. A . attached to the exocycHc amine (5'^dimethoxytrityl-4-N- 

Accordingly, m one embodiment of the invention the dab (6 . N _ fluorel^ y lmc thylcarbamoyl-hexylcarboxy)-2•- 

are corrected for removal of these spurious fata points and \ removal of the FMOC protecting 

an average of the data points is thereafter utilized in deter- ^ ' ^ ^ ^ K ^ oDS whlch CODtained mc dinude- 

mining relative binding efficiency. otide were fluorescently labelled by treatment of the sub- 

FIG. 13 illustrates one embodiment of a system for with 1 mM FITC in DMF for one hour, 
xemovalof sp^cHisdatafromasetof fluorescence data such threc^imensional representation of the fluorescent 
as data used in affinity screening studies. A user or the ^^T^Z^ uXriy reproduces the checker- 
system inputs ^elating to ^P.^V"^ 30 S muSnadon pattern use/during photolysis of the 
corners at step 1302. From this mfenr^n and the image *> resuli demonstrates that oUgonodeotides as 
He, the system creates . , computer^ 5 weU as peptides can be synthesized byfte hght-directed 
histogram at step 1304, the histogram (at least in the form of w " ~! 3 
a computer file) plotting number of data pixels versus metooa. 

^Fo^eAch cell, a main data analysis loop is then performed. 35 ^ Conclusion 

For each cell, at step 1306, the systo calculates the total ^ . hcrcin ^ a ncw approach for the 

intensity or number of pixels for the bandwidth centered simultaacous synthcsis 0 f a large number of compounds, 

around varying , intensity lcveb^For example, as shown in ^ can ^ Ued whcncver 0DC has chemical 

the plot to the right of step 1306 the system calculates the blocks ^ carlbe coupled in a solid-phase format, 

number of pixels within &c band of width w. The system m £ ^ to generate a reactive group, 

then "moves" this bandwidth to a higher center intensity, and w * . . 

again calculates the number of pixels in the bandwidth. This The above description is illustrative and not restrictive, 

process is repeated until the entire range of intensities has Many variations of the invention will become apparent to 

been scanned, and at step 1308 the system determines which those of skill in the ait upon review of this disclosure, 

band has the highest total number of pixels. The data within Merely by way of example, while the invention is illustrated 

this bandwidth arc used for further analysis. Assuming the 45 r*imarily with regard to peptide and nucleotide synthesis, 

bandwidth is selected to be reasonably small, this procedure the invention is not so limited. The scope of the invention 

will have the effect of eliminating spurious data located at should, therefore, be oetermined not with reference to the 

the higher intensity levels. The system then repeats at step above description, but instead should be determined with 

1310 if all cells have been evaluated, or repeats for the next reference to the appended claims along with their full scope 

of equivalents. 



SEQUENCE LISTINO 



( 1 ) GENERAL INFORMATION: 

( a i i > NUMBER OF SaOJUENCES: 21 

( 2 ) INFORMATION PC* SEQ ID NO:!: 

( 1 ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: Ssmaoaodi 
( B ) TYPE: amino aad 
( C ) STRANDEONESS: tugfe 
( D )TOPOLOOTfiiaftr 
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-continued 



( 1 i ) MOLECULE TYPE: peptide 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

Tyr Gly Gly Pbo Leu 
1 5 



< 2 ) INFORMATION FOR SEQ ID N02: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 5 amino adds 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: stogie 
(D)TOPOLOOY: linear 

( i 1 ) MOLECULE TYPE: peptide 

( x i ) SEQUENCE DESCRIPTION: SBQ ID NOO: 

Pio Oly Gly Pbe Leu 
1 5 

( 2 ) INFORMATION FOR SEQ ID NCtt: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 5 ammo acid* 
( B ) TYPE: acoao acid 
( C ) STRANDEDNESS: angle 
( D ) TOPOLOGY: fines 

( i i )MOLBCULE TYPE: peptide 

< x i ) SBQUENCE DESCRIPTION: SEQ ED NO-J: 

Tyr Oly Alt Gly Phe 
1 5 

( 2 ) INFORMATION FOR SEQ ID NO:4: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 6 smuo adds 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: tingle 
( D ) TOPOLOGY: fiaear 

< i i ) MOLECULE TYPE: peptide 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:* 

Tyr Gly At* Phi Loo Ser 
1 5 



( 2 ) INFORMATION FOR SEQ ID NCfc5: 

( i ) SEQUENCE CHARACTERISTICS: 
(A ) LENOTH: 5 «mno acidi 
( B ) TYPE: aosao add 
( C ) STRANDEDNESS: mgle 
( D ) TOPOLOGY: Bnear 

( i i ) MOLECULE TYPE: peptide 

( x i ) SEQUENCE DESCRIPTION: SBQIDNOJ: 

Tyt Oly Alt Pbe Scr 
1 5 



( 2 ) INFORMATION FOR SEQ ID NOA 

( i ) SBQUENCE CHARACTERISTICS: 
( A ) LENOIH: 3 guano mad* 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: ingle 
( D ) TOPOLOGY: linear 
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-continued 

< i i ) MOLBCULB TYPE: peftide 

( x i ) SEQUENCE DESCRIPTION: SEQ ED NO:6: 

Tyr Oly Ala Pbe Leu 

1 5. 



( 2 ) INFORMATION POR SEQ ID NOt7: 

( i ) SBQUENCE CHARACTERISTICS: 
( A ) LENGTH: 6 anajwaddi 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: uagfc 
( D ) TOPOLOGY: fiacar 

( i i )MO!JECULETYPE:pcp6<fc 

( x i ) SEQUENCE DESCRIPTION: SBQ ID NO.7: 

Tyr Oly Oly Phe Leu Sei 
1 3 



( 2 ) INFORMATION POR SBQ ID NO* 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 4 nznao mads 
( B ) TYPE: amiao acid 
( C ) STRANDEDNESS: imgk 
(D)TOPOUX7Y:fiaear 

( i i )MOLBCULBTYPE:paftido 

< x i ) SBC^UENCE DESCRIPTION: SBQ ID NO*: 

Tyr Oly Ala Ph • 
1 



( 2 ) INFORMATION POR SBQ ID NO* 

( i ) SBQUENCE CHARACTERISTICS: 
( A ) LENOIR 5 anxaoaod* 
( B ) TYPE: antino add 
< C ) STRANDEDNESS: ma)a 
(D)TOPOLOOY:fioear 

( i i ) MOLBCULE TYPE: peptide 

( s i ) SBQUENCE DESCRIPTION: SBQ ID NO& 

Tyr Oly Ala Liu Ser 

1 5 



( 1 ) INFORMATION POR SBQ ID NOtlO: 

( i ) SBQUENCE CHARACTERISTICS: 
( A ) LENGTH: 3 annoo acidi 
( B ) TYPE: ammo acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOOY: fineat 

( i i )MOC^CULB TYPE; peptide 

( x i ) SBQUENCE DESCRIPTION: SBQ ID NChlO: 

Tyr Oly Oly Pbo Sor 
1 3 



( 2 ) INFORMATION POR SBQ n>NO:U: 

< i ) SBQUENCE CHARACTERISTICS: 
( A ) LENGTH: 4 amao aadl 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: no«k 
( D ) TOPOLOOY: Eacar 
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-continued 



( i i ) MOLECULE TYPE: peptide 

(x i ) SEQUENCE DESCRIPTION: SEQ ID NO:ll: 

Tyr Oly Ala Leu 
1 



( 2 ) INFORMATION FOR SEQ O NO-.12: 

< i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 6 amino acids 
( B )TYPE: acrino acid 
( C ) STRANDEDKESS: tingle 
(D)TOPOLOOY;Ea« 

( i i ) MOLBCULE TYPE: peptide 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

Tyr Oly Ala Phe Low Phi 

1 5 



( 2 ) INFORMATION FOR. SBQ ID NO: 13: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 5 amino adds 
( B ) TYPE: amino add 
{ C ) STRANDBDNESS: angle 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: peptide 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

Tyr Oly Ala Phe Pho 

1 3 



( 2 ) INFORMATION FOR SEQ ID NO:H: 

( t ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 3 amino acids 
( B ) TYPE: amino add 
( C ) STRANDEDNESS: tingle 
(D)TOPOLOOY:finaar 

( t i )MC4£CULETYPE:pcp«kte 

( x i ) SEQUENCE DESCRIPTION: SBQ ID NCnM: 

Tyr Oly Oly Leu Sci 
1 5 



( 2 ) INFORMATION FOR SEQ ID NO.L5: 

( 1 ) SEQUENCE CHARACTERISTICS: 
(A ) LENGTH; 5 «nnno adds 
{ B ) TYPE: amino acid 
( C ) STRANDEDNESS: tingle 
(D)TOPOLOOY:Bncar 

< i i ) MOLECULE TYPE: peptide 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

Tyr Oly Oly Phe Len 
1 3 



< 2 ) INFORMATION FOB. SBQ ID NO-.16: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 6 anano acid* 
(B ) TYPE: amino add 
< C ) STRANDEDNESS: tingle 
( D ) TOPOLOGY: linear 
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-continued 



( i i ) MOLECULE TTfPErpcjride 

( i 1 ) SEQUENCE DESCRIPTION: SBQ ID NO:l6: 

T j i Oly Ala Phe Ser Phe 
1 5 



( 2 ) INFORMATION FOR SBQ ID NO:17: 

( i ) SEQUENCE CBARACTERISTTCS: 
( A ) LENOIR 7 anaoo adds 
< B ) TYPE: amino acid 
( C )STRANDEDNESS:«m S le 
<D)TOPOLOOY:fiaear 

( i i ) MOLECULE TYPE; peptide 

( x i ) SBQ,UEN<3 DESCRIPTION: SBQ ID NO: 17: 

Tyr Oly Ala Pbc Lao Ser Phe 
1 3 

< 2 ) INFORMATION FOR SBQ ID NO:lS: 

( i ) SBQUENCE CHARACTERISTICS: 
( A ) LENGTH: 6 ammo acidi 
( B )TYPE: ammo add 
( C ) STRANDEDNESS: Mgfe 
( D ) TOPOLOOY: m»ar 

< i i ) MOLECULE TYPE: peptide 

( x i ) SBQUENCE DESCRIPTION: SEQ ID NO: 18: 

T71 Oly Ala Phe Met Gin 

1 5 

< 2 ) INFORMATION FOR SSQ ID NOJ9: 

( i ) SBQUENCE CHARACTERISTICS : 
( A ) LENGTH: 5 amiao acid* 
( B ) TYPE: anb» acid 
( C )STRAND£DNESS: angle 
( D ) TOPOLOOY: fiaoar 

( i i ) MOLECULE TYPE: peptide 

( x i ) SBQUENCE DESCRIPTION: SBQ ID NO:19: 

Tyr Oly Ala Phe Met 
1 5 



( 2 ) INFORMATION FOR SBQ ID NOat>: 

( I ) SBQUENCE CHARACTERISTICS: 
( A ) LENGTH: 5 anno kxU 
( B ) TYPE: atniMO acid 
( C ) STRANDEDNESS: tkgk 
( D ) TOPOLOOY: Eaaar 

( i 1 ) MOLECULE TYPE: peptide 

( x i ) SBQUENCE DESCRIPTION: SBQ ID NCfc20: 

Tyr Oly Ala Phe O I o 

I 3 

( 2 ) INFORMATION FOR SBQ ID N021: 

( i ) SBQUENCE CHARACTERISTICS: 

< A ) LENGTH: 3 mAm> ackU 
( B ) TYPE: ambo acid 

< C )STRANDBDNESS: ogle 
<D )TOPOLOOY:Eae* 
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-continued 



( i i ) MOLECULE TYPE: peptide 

( x » ) SEQUENCE DESCRIPTION: SEQ ID : 

Tyi Gly Oly Phe Met 
1 5 



What is claimed is: 

1. An array of oligonucleotides, the array comprising: 
a planar, non-porous solid support having at least a first 

surface; and 

a plurality of different oligonucleotides attached to the 
first surface of the solid support at a density exceeding 
400 different oligonucleotides/cm 2 , wherein each of the 
different oligonucleotides is attached to the surface of 
the solid support in a different predefined region, has a 
different determinable sequence, and is at least 4 nucle- 
otides in length, 

2. The array of claim 1, wherein each different oligo- 
nucleotides is from about 4 to about 20 nucleotides in length. 

3. The array of claim 1, wherein each different oligo- 
nucleotide is at least 10 nucleotides in length. 

4. The array of claim 1, wherein each different oligo- 
nucleotide is at least 20 nucleotides in length. 

5. The array of claim 1, wherein the array comprises at 
least 1,000 different oligonucleotides attached to the first 
surface of the solid support 

6. The array of claim 1, wherein the array comprises at 
least 10.000 different oligonucleotides attached to the first 
surface of the solid support 

7. The array of claim 1, wherein each of the different 
predefinedregions is physically separated from each other of 
the different regions. 

8. The array of claim 1, wherein said planar non-porous 
solid support is glass. 

9. The array of claim 1, wherein said oligonucleotides are 
attached to the first surface of the solid support through a 
linker group. 

10. The array of claim 1, wherein the oligonucleotide in 
the different predefined regions are at least 20% pure. 

11. The array of claim 1, wherein the oligonucleotides in 
the different predefined regions are at least 50% pure. 

12. The array of claim 1, wherein the oligonucleotide in 
the different predefined regions arc at least 80% pure. 

13. The array of claim 1, wherein the oligonucleotide in 
the different predefined regions are at least 90% pure. 

14. The array of claim 1, wherein said array is produced 
by a binary synthesis process, said process comprising the 
steps of: 

providing a planar, non-porous solid support, said solid 
support having a plurality of compounds immobilized 
on a surface thereof, said compounds having protecting 
groups coupled thereto; 

deprotecting a first portion of said plurality of compounds 
on said surface and not a second portion of said 
plurality of compounds; 

reacting said first portion of said plurality of compounds 
with a first component of said oligonucleotide; 

deprotecting at least a third portion of said plurality of 
compounds on said surface, said third portion compris- 
ing a fraction of said first portion of said plurality of 
compounds; 

reacting said at least third portion of said plurality of 
compounds with a second component of said oligo- 
nucleotide; and 

optionally repeating said binary synthesis steps to produce 
said oligonucleotide array. 
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io 15. An array of polynucleotides, the array comprising: 
a planar non-porous solid support having at least a first 
surface; and 

a plurality of different polynucleotides attached to the first 
surface of the solid support at a density exceeding 400 
different polynuclcotides/cm 2 , wherein each of the dif- 
ferent polynucleotides is attached to the surface of the 
solid support in a different predefined region, has a 
different determinable sequence, and is at least 4 nucle- 
otides in length. 
1€. The array of claim 15, wherein each different poly- 
nucleotide is at least 20 nucleotides in length. 

17. The array of claim 15, wherein the array comprises at 
least 1,000 different polynucleotides attached to the first 
surface of the solid support 

18. The array of claim 15, wherein the array comprises at 
least 10,000 different polynucleotides attached to the first 
surface of the solid support 

19. The array of claim 15, wherein each of the different 
selected regions is physically separated from each of the 
other selected regions. 

20. The array of claim 15, wherein saidplanar non-porous 
solid support is glass. 

21. The array of claim 15, wherein said polynucleotides 
are attached to the first surface of the solid support through 
a linker group. 

22. The array of claim 15, wherein the polynucleotides in 
the different predefined, regions comprise polynucleotides 
that are at least 20% pure. 

23. The array of claim 15, wherein the polynucleotides in 
*J the different redefined regions comprise polynucleotides 

that are at least 50% pure. 

24. The array of claim 15, wherein the polynucleotides in 
the different predefined regions are at least 80% pure. 

25. The array of claim 15, the polynucleotides in the 
45 different pre defined regions are at least 90% pure. 

2€. The array of claim 15, wherein said array is produced 
by a binary synthesis process, said process comprising the 
steps of: 

providing a planar, non-porous solid support, said solid 
50 support having a plurality of compounds immobilized 
on a surface thereof, said compounds having protecting 
groups coupled thereto; 
deprotecting a first portion of said plurality of compounds 
on said surface and not a second portion of said 
55 plurality of compounds; 

reacting said first portion of said plurality of compounds 

with a first reactant; 
deprotecting at least a third portion of said plurality of 
compounds on said surface, said third portion compris- 
60 ing a fraction of said first portion of said plurality of 
compounds; 

reacting said at least third portion of said plurality of 

compounds with a second reactant; and 
optionally repeating said binary synthesis steps to produce 
said polynucleotide array. 
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